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ABSTRACT
A comparison has been made between the hydraulic geometry of sand- and gravel-bed rivers, based on data from alluvial
rivers around the world. The results indicate a signiﬁcant difference in hydraulic geometry among sand- and gravel-bed rivers
with different channel patterns. On this basis, some diagrams for discrimination of meandering and braided channel patterns
have been established. The relationships between channel width and water discharge, between channel depth and water
discharge, between width–depth ratio and water discharge and between channel slope and water discharge can all be used
for channel pattern discrimination. The relationship between channel width and channel depth can also be used for channel
pattern discrimination. However, the accuracy of these relationships for channel pattern discrimination varies, and the depth–
discharge relationship is a better discriminator of pattern type than the classic slope–discharge function. The cause for this
difference has been explained qualitatively. To predict the development of channel patterns under different natural con-
ditions, the pattern discriminator should be searched on the basis of independent or at least semi-independent variables. The
relationship between stream power and bed material grain size can be used to discriminate channel patterns, which shows
a better result than the discriminator using the slope–discharge relationship. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION
After the pioneering work of Leopold and Maddock (1953), the study of hydraulic geometry has become an
important ﬁeld in ﬂuvial geomorphology, and numerous studies have been made (Williams, 1978; Richards,
1973; Rhodes, 1977, among others). Channel width, depth and slope of alluvial rivers can all be expressed as
power functions of water discharge (Leopold and Maddock, 1953); the coefﬁcients and exponents of these
functions reﬂect bed and bank material and the upstream drainage basin conditions. Thus, apart from water
discharge, variables of bank and bed material, suspended sediment concentration, bed material grain size and
suspended sediment grain size have been introduced to establish multiple regression equations (Yu, 1973;
Chitale, 1973; Bray, 1973; among others). Alluvial rivers may be classed as sand- and gravel-bed rivers using
the bed-material median sizes of <2 mm and >2 mm respectively. Although the inﬂuence of bed material has
been considered by some workers (Henderson, 1963; Bray, 1973; Ferguson, 1984), a systematic comparison of
hydraulic geometry between these two types of rivers has yet to be made. On the other hand, many workers
have found that there is a difference in channel geometry between rivers with different channel patterns. In fact,
the channel pattern discriminations using the channel slope–bankfull discharge relationship (Leopold and Woman,
1957) or the channel width–bankfull discharge relationship (Xu, 1996) are based on the difference in channel
geometry of alluvial rivers in relation to bankfull discharge. Rhodes (1977) studied the channel patterns in
relation to the exponents of at-a-station hydraulic geometry using a graphic representation and demonstrates
differences between channel patterns. In the present study, a systematic comparison is made of the hydraulic
geometry of sand- and gravel-bed rivers in an attempt to establish channel pattern discrimination relationships.
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DATABASE
Since the classic work by Leopold and Wolman (1957), many classiﬁcations for channel pattern have been
proposed (Schumm, 1977; Rust, 1978; Chien, 1985; Chien et al., 1987). However, in some sense, all other
classiﬁcations can be regarded as reﬁnements of Leopold and Wolman’s classiﬁcation. To build up a large
database by using data from all over the world, the classiﬁcation by Leopold and Wolman (1957) has been used
in this study, because the pattern classiﬁcation of most existing studies can be simpliﬁed to this; in this system
three channel patterns are identiﬁed, namely, meandering, braided and straight. As long straight channels with
a sufﬁciently long length are often related to some speciﬁc local conditions, rather than being controlled
by interactions between sediment-carrying streamﬂow and channel boundary material, the straight pattern is
excluded in this study. Thus, the channel pattern discrimination in the present study simply means determining
the braiding threshold.
The data used in this study comes from rivers in various countries of the world, including some Chinese
rivers. In total, more than 200 rivers are involved, with the discharge ranging from 2 m3 s−1 to 56 000 m3 s−1, and
bed material median size D50 from 0.06 to 229 mm. A median size of 2 mm is taken as the limit between gravel-
and sand-bed rivers. A sinuosity of 1·3 for identiﬁcation of meandering channel is adopted, smaller than that
used by Leopold and Wolman, which is 1·5. This is because it was observed that many alluvial channels with
sinuosity between 1·3 and 1·5 in China have behaviours similar to typical meandering rivers. As two channel
patterns, meandering and braided, and two types of bed materials, sand- and gravel-bed, are taken into account,
the following four types are involved: meandering with gravel-bed; braided with gravel-bed; meandering with
sand-bed; and braided with sand-bed.
This data mainly comes from the following three sources:
(1) Datasets from van der Berg (1995, Appendix 2, pp. 272–276): in his study of channel patterns, van der Berg
assembled a dataset containing 228 locations, coming from 30 sources all over the world. All this data is
used in the present study, except the rivers classiﬁed as straight ones. Details of sources are provided by van
der Berg (1995).
(2) The dataset used by Ferguson (1984), which was collected by Church and Kellerhals (Church et al.,
1982): in van der Berg’s database, only 39 rivers were braided. In the present study, all the braided
gravel-bed rivers in Church et al.’s database are used. This database consists of rivers with two channel
patterns, braided and wandering, and all the braided gravel-bed rivers are adopted, except those which
already appear in van der Berg’s database. Rivers from this source total 56, excluding the overlap between
(1) and (2).
(3) Data from Chinese rivers: the data has been collected from the Yangtze River and Yellow River and some
of their tributaries. Data from Chinese rivers comprises sand-bed rivers, and the sample size totals 61.
For some rivers, not all the information of bankfull discharge, channel slope, bankfull channel width and depth
is available. These rivers are also excluded. The number of complete datasets to be employed for the analysis
related to channel width and depth is 150, and to channel slope is 196.
As this study is focused on seeking the braiding thresholds for sand- and gravel-bed rivers, we used the
term ‘braided channel pattern’ in a broad sense, including ‘unstable’ braided rivers like the lower Yellow
River and ‘stable’ braided rivers like the middle Yangtze River in China. However, for anabranched rivers and
anastomosed rivers, only the individual anabranches are considered, not the system as a whole, as van der Berg
(1995) did.
The water stage at bankfull discharge is used for determining channel width, depth and slope. If bankfull
discharge is not available, the mean annual maximum daily discharge is used. The channel width (w) and depth
(d) are those at these discharges, and the gradient (S) is channel slope. Water depth is mean depth calculated
as A/w, where A is cross-sectional area at bankfull discharge.
In the present study, hydraulic geometry includes the relationship between channel width, depth, width–depth
ratio and channel slope. Flow velocity is not a measure of channel geometry, so it is not included in the present
study.
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Figure 1. Relationship between bankfull channel width and discharge for (a) different types of rivers and (b) for channel pattern discrimination.
The discrimination line in Figure 1b is drawn by eye
CHANNEL WIDTH–DISCHARGE RELATIONSHIP
The relationship between water surface width and bankfull discharge has been plotted in Figure 1a, where the
regression lines and equations are shown for each group. The level of signiﬁcance of correlation for the four
groups of rivers in all cases is p < 0·01. From the top to the bottom successively appear the lines for sand braided
channel, gravel braided channel, sand meandering channel and gravel meandering channel. Thus, one can draw
a straight line dividing between braided and meandering rivers (Figure 1b), but not between sand- and gravel-
bed rivers. This fact means that the difference between channel patterns (braided and meandering) is greater than
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that between bed material types (sand- and gravel-bed). Figure 1 shows that in general braided rivers are wider
than meandering rivers at the same bankfull discharge, and that within the braided channels the sand-bed ones
are wider that the gravel-bed. Additionally, the correlation coefﬁcients for meandering rivers are higher than
those for braided rivers. Considerable scattering can be seen in Figure 1, because channel width is a function
of discharge and bank material, and here only the former is taken into account.
Most of the points representing braided rivers can be distinguished from the meandering rivers by the follow-
ing straight line (see Figure 1b):
w = 8·48Qbf
0·52
Thus with most braided rivers above the line and most meandering rivers below, this equation can be considered
as a threshold of braiding and used for channel pattern discrimination. By this equation, 19 points are misclassiﬁed,
representing 12·7 per cent of the total.
CHANNEL DEPTH–BANKFULL DISCHARGE RELATIONSHIP
The relationship between mean water depth and bankfull discharge is plotted in Figure 2, where the regression
lines and equations are shown for each of the four groups. The level of signiﬁcance of correlation for the four
groups of rivers is all p < 0·01. It can be seen that, as an overall tendency, the points for meandering rivers are
located above those of braided rivers. Within data for meandering or braided rivers, differences can be seen.
Data points for meandering rivers with a sand-bed are located above the points for meandering rivers with a
gravel-bed. For braided rivers, the difference between sand- and gravel-bed ones is slight. Again, the correlation
coefﬁcients for meandering rivers are higher than those for braided rivers.
Because the difference in the channel width–bankfull discharge relationship between braided and meandering
rivers is signiﬁcant, this general relationship may be used for channel pattern discrimination. The discrimination
function in Figure 2b is:
d = 0·156Qbf
0·396
with most meandering rivers above the line and most braided rivers below. This equation can be considered as
a threshold of braiding. By this equation, 11 points are misclassiﬁed, representing 7·3 per cent of the total.
Since both w-Qbf and w-Qbf relationships can be used for channel pattern discrimination, bankfull channel
width may be related to bankfull channel depth (see Figure 3) as a channel pattern discrimination. Figure 3
shows that the points representing braided rivers and meandering rivers can be distinguished by the following
straight line:
w = 72·64d1·41
with most braided rivers above the line and most meandering rivers below. This equation can be considered as
a threshold of braiding. From the above equation, we can get: w0·71/d = 51·52. This is a threshold for channel
braiding, i.e. when w0·71/d = 51·52, channel braiding is likely to appear. It is notable that Chinese and former
Soviet Union researchers tend to classify channel patterns in terms of w0·5/d (Chien and Zhou, 1965; Chien
et al., 1987) while Western researchers usually use the dimensionless index w/d. In the index obtained here, the
exponent of w, 0·71, is between those in the above two indices, 0·50 and 1·0. By this equation, 17 points are
misclassiﬁed, representing 11·3 per cent of the total.
THE RELATIONSHIP BETWEEN WIDTH–DEPTH RATIO AND BANKFULL DISCHARGE
Bankfull channel width–depth ratio is the most important index describing channel shape, while width or depth
is only a measure of channel dimension or scale. In this sense, hydraulic geometry may be extended to the
relationship of channel width–depth ratio to bankfull discharge. This relationship is plotted in Figure 4. Although
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Figure 2. Relationship between bankfull mean depth and discharge for (a) different types of rivers and (b) for channel pattern discrimination.
The discrimination line in Figure 2b is drawn by eye
the points are scattered, the tendency that w/d increases with bankfull discharge can be seen. This means that
large rivers have a wider and deeper channel than small rivers. In general, with an increase in river dimen-
sions, height of bank increases. According to geo-mechanics, when the height of bank increases to a critical
height, some vertical joints would occur. Under appropriate conditions, toppling, slides and slumps may occur
along the vertical joints. If the bank is undermined by water ﬂow, bank failures may be more likely. Thus,
when the dimension of the channel increases to a certain degree, the channel width tends to increase more than
the channel depth does, leading to an increased width–depth ratio. In other words, because of the limit due to
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geo-mechanical properties of bank material, the river increases its capacity for water conveyance mainly by
increasing width, rather than by increasing depth.
In Figure 4, the points of meandering and braided rivers can be distinguished by the following straight line:
w/d = 13·70Qbf
0·235
with most braided rivers above the line and most meandering rivers below. By this equation, 13 points are
misclassiﬁed, representing 8·7 per cent of the total. Notably, one can also draw a straight line parallel to the
x-axis, w/d = 110, which divides between meandering and braided rivers. When w/d > 110, braided pattern
Figure 3. Relationship between bankfull width and mean depth. The discrimination line is drawn by eye
Figure 4. Relationship between width–depth ratio and bankfull discharge. The two discrimination lines are drawn by eye
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appears; when w/d < 110, meandering pattern appears. This discriminator has the same accuracy as the above
equation: 13 points are misclassiﬁed, representing 8·7 per cent of the total. Compared with the foregoing
discriminator w0·71/d = 51·52, the discriminator w/d = 110 is better, because the former gives a misclassifying
percentage of 11·3 per cent.
THE CHANNEL SLOPE–BANKFULL DISCHARGE RELATIONSHIP
Much research has been devoted to the channel slope–bankfull discharge relationship, since pioneering work on
the channel pattern discrimination was based on this relationship. Henderson (1963) then added bed material
grain size to this, and Ferguson (1984) studied channel pattern in relation to channel slope, bed material grain
size and water discharge.
Based on the database used in this study, the relationship of channel slope (S) to bankfull discharge (Qbf) is
plotted in Figure 5a, where the patterns and bed material types are differentiated by different symbols. The
regression lines are given in the ﬁgure. Although the points are scattered, the correlations for all four lines are
all signiﬁcant at the level p < 0·01. Within the gravel-bed rivers, the regression line for braided channels is
almost parallel to that for meandering channels, with the former above the latter. Within the sand-bed rivers, the
regression line for braided channels is above that for meandering rivers. However, the slope of the regression
line for braided rivers is much higher than that for meandering rivers.
To show more clearly the distributions of rivers with different channel patterns (i.e., braided and meandering)
and those with different bed material types (i.e., gravel and sand) in the ﬁeld of of S–Qbf relationship, this
relationship has been plotted separately for channel patterns (Figure 5b) and bed material types (Figure 5c). The
lines that best distinguish the two types (i.e., meandering and braided, or gravel- and sand-bed) of points are
drawn by eye. The Leopold–Wolman line is also shown in Figure 5b. It can be seen that, for the database used
in this study, the slope of the distinguishing line between braided and meandering rivers is signiﬁcantly steeper
than that of the Leopold–Wolman line, and the latter cannot distinguish the two channel patterns. It is clear that
in Figure 5c the points of gravel-bed rivers are located signiﬁcantly above the points of sand-bed rivers.
Although some points are misclassiﬁed by the lines for both plots, the number of misclassiﬁed points in Figure
5b is 30, but only 12 for Figure 5c.
Hence, the above indicates that: (1) within the rivers with the same type of bed material, sand or gravel,
channel slope of braided rivers is higher than that of meandering rivers; (2) with the increase in water discharge,
channel slope of sand-bed rivers decreases more rapidly than that of gravel-bed rivers; (3) in the ﬁeld of the S–
Qbf plot, the difference between rivers with two types of bed material is more than that between rivers with two
channel patterns, in that the former can be better distinguished by a straight line than the latter; (4) the Leopold–
Wolman relationship cannot discriminate well the braided and meandering channel patterns when it is applied
to a large database.
COMPARISON AMONG THE CHANNEL PATTERN DISCRIMINATION DIAGRAMS BASED ON
HYDAULIC GEOMETRY
Figures 1–4 indicate that channel patterns may be discriminated based on hydraulic geometry. The discriminat-
ing diagrams given in these ﬁgures may be regarded as extensions of the Leopold–Wolman relationship as
shown in Figure 5. Notably, the accuracy of these diagrams varies. In Table I, the number of misclassiﬁed rivers
and the rate of misclassiﬁcation deﬁned as the number of misclassiﬁed rivers divided by the total number of the
rivers studied are given.
Table I shows that, the d–Qbf relationship has the highest accuracy of channel pattern discrimination.
Other cross-section characteristics-based relationships have medium accuracy of discrimination, and the slope–
discharge relationship has the lowest accuracy of discrimination. This difference may be explained qualitatively
as follows.
As pointed out earlier, the limit between braided and meandering channel patterns can be considered as a
threshold for braiding; i.e., crossing this threshold, mid-channel bars or islands would appear. The deposition
of bars depends on streamﬂow strength and sediment supply. The slope–discharge relationship reﬂects stream
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Figure 5. Relationships between channel slope and bankfull discharge with: (a) four classes distinguished; (b) meandering and braided
patterns distinguished; and (c) gravel- and sand-bed rivers distinguished. The limit lines in Figures 5b and 5c are drawn by eye
power per unit river length, because at a given discharge (Q), the higher the slope (S) is, the higher the stream
power per unit length (γQS), where γ is the speciﬁc weight of water. The stream power of alluvial rivers is
determined by both sediment supply and sediment grain size. When the bed material sediment load is heavy or
the sediment grain size is coarse, the river tends to form a relatively steep slope to gain enough stream power
for sediment transport. However, when sediment load is light but sediment grain size is coarse, or when sediment
load is heavy but sediment grain size is ﬁne, relatively steep channel slope and thus relatively high stream power
would appear. Under the condition of light sediment load and coarse sediment grain size, although stream power
γQS is high, formation of mid-channel bars is unlikely, because sufﬁcient sediment supply for bar formation is
not available. For this reason, some meandering rivers with light sediment load and coarse sediment grain size
might be misclassiﬁed as braided because of relatively high stream power.
On the other hand, the pattern of streamﬂow, especially secondary circulation ﬂow, inﬂuences the threshold
of braiding signiﬁcantly. When discharge is given, if the channel is sufﬁciently narrow a single cell of circulation
may occur. Affected by this single circulation, one bank is eroded, and the eroded material is transported by
transverse ﬂow to the downstream convex banks to form pointbars. In this way, a bend with asymmetrical cross-
section develops, and ﬁnally a meander occurs. At the same discharge, if the channel is wide enough, a more
Table I. Accuracy of channel pattern discrimination by hydraulic geometry
Relationship Size of Number of misclssiﬁed Percentage Rank of
population
Gravel bed Sand bed Total
misclassiﬁed accuracy
Width vs discharge 150 9 10 19 12·7 5
Depth vs discharge 150 5 6 11 7·3 1
Width–depth ratio 150 5 8 13 8·7 3
vs discharge
Slope vs discharge 196 10 19 29 14·8 6
Width vs depth 150 8 9 17 11·3 4
Stream power vs bed 166 8 6 14 8·4 2
material median size
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Figure 5. (continued )
complicated ﬂow system may occur, characterized by two or more cells of circulation. In the neighbouring cells,
the direction of transverse ﬂow is inverse. The convergence of rising ﬂow at the centre of the channel may form
a central bar, while the declining ﬂow at two sides of the opposite circulation cells may erode the two banks
to make the channel wider, a factor further conducive to the development of a central bar. The channel may thus
ﬁnally become braided. When the width is very large, multiple cells of circulation will form, which lead ﬁnally
to the channel being multi-threaded.
The above process may also be explained by Yalin’s theory of turbulent bursts, which has been applied to
the formation of large-scale bed forms such as alternate bars and multiple bars (Yalin, 1992). When horizontal
turbulent bursting occurs at the intersection of water surface and bank, it spreads to the opposing bank. If the
654 J. XU
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channel width is narrow at a given discharge, the horizontal turbulent bursting is able to reach the opposing
bank, then the bank would be eroded and a sidebar forms. By the same process, horizontal bursting occurring
in the opposing bank may also form a sidebar in this bank. In this way, asymmetrical alternate bars may develop
that ﬁnally cause the channel to meander. However, if the channel width is large enough at the same discharge,
or relative roughness of the channel expressed as bed material diameter divided by water depth is large enough,
the energy loss of horizontal bursting by friction during its movement is high, and the bursting may be incapable
of reaching the opposite bank. Instead, the bursting from opposite banks may come together at the centre of the
channel, and a central bar forms. In a similar manner, multiple bars may also form. Obviously, a braided channel
pattern may ﬁnally occur.
The difference between the cross-section-based discriminators and the slope-based discriminator may be
explained further in relation to the different timescales of adjustment for different variables. Channel pattern or
planform, which may be expressed by sinuosity and braiding index, and cross-section variables (width and
depth) are dependent variables and may adjust to independent variables such as water and sediment discharges,
bed material grain size and valley slope. Compared with valley slope, channel slope is a dependent variable, but
it has a longer-term adjust timescale than width, depth and pattern variables (sinuosity and braiding index deﬁned
by Bricec, 1982). The planform and cross-section characteristics of channels adjust mutually and interdependently,
so that when a river is braided it is also wide and shallow. Thus, the cross-section and channel pattern are correlated
properties that are both dependent variables; having adjusted together, the depth and width then have rather high
efﬁciency for channel pattern discrimination. On the other hand, since channel slope has a longer-term adjustment
timescale, it is more likely to be an independent variable or a semi-independent variable and cannot be adjusted
as rapidly as depth and width. Since the rivers involved in the present study are from various sources, the degree
to which they have adjusted may differ, and it is possible that some of them may have not yet really attained
equilibrium. Thus, channel slope–discharge relation has a lower efﬁciency for channel pattern discrimination.
To predict the development of channel patterns under different natural conditions, the pattern discriminator
should be searched on the basis of independent or at least semi-independent variables. Some studies have been
made along this line (e.g., van der Berg, 1995). Van der Berg has established a pattern discriminator using the
relationship between speciﬁc stream power based on valley slope and bed material D50. However, the channel
width, a dependent variable, was involved in the index of speciﬁc stream power. Instead, in the present study,
stream power (γQS) calculated using discharge (Qbf) and channel slope (S) and bed material median size (D50)
is used. The relationship between them is plotted in Figure 6, where the points of meandering and braided
Figure 6. Relationship between stream power and bed material median size. The discriminating straight line is drawn by eye
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channels can be well distinguished by a straight line. Fourteen points are misclassiﬁed, representing 8.4 per cent
of the total, a result better than the discriminator using the slope-discharge relationship. Figure 6 shows that for
a given D50, stream power for braided channels is higher than for meandering channels. This is true for both
gravel- and sand-bed rivers. When the composition of bed material grain size is similar, the channel’s energy
expenditure due to grain resistance is similar to some degree. The higher stream power then means a heavier
bed-load transport, which may be conducive to channel braiding.
DISCUSSION
The database used in this study was established from various published sources in the world, including China.
The physico-geographical settings of these rivers are quite different and the procedure of sample taking is not
previously designed. Thus, it is likely that there is some bias. Figure 7 shows the plot of median size (D50)
against bankfull discharge, from which some uneven distribution can be seen among different categories. Firstly,
almost all gravel-bed rivers have a bankfull discharge <2000 m3 s−1, but nearly half of the sand-bed rivers have
a bankfull discharge >2000 m3 s−1. This may be caused by some sample-taking bias, but to a great degree this
may also reﬂect some natural regularity. It is well known that for a given river the discharge increase down-
stream and the grain size of bed material decreases, possibly with transition from a gravel-bed to a sand-bed.
Hence, there is more possibility for sand-bed rivers (or river reaches) to have larger discharges than gravel-bed
ones. Secondly, in the group of gravel-bed drivers (upper in Figure 7), or that of sand-bed rivers (lower in
Figure 7), braided rivers are located to the right side and meandering rivers to the left, meaning that most braided
rivers have a discharge larger than meandering rivers in each group. Apart from some possible sample-taking
bias, this fact implies that the formation of channel pattern is somewhat scale-dependent; that is, braided channel
pattern has more opportunity to occur in large rivers than in small rivers. In Figure 4, a general tendency can
be seen that channel width-to-depth ratio increases with bankfull discharge, indicating that large rivers have a
wider and deeper channel shape than small rivers. The same ﬁgure shows that, given other factors, the channel
width-to-depth ratio of braided rivers is higher than that of meandering rivers. Hence, large rivers may have
more chance to become braided than to become meandering.
The results of this study have some implication in channel pattern classiﬁcation and discrimination. Channel-
forming processes depend on two factors: sediment transport and channel boundary material characteristics.
Both hydraulic geometry and channel pattern are closely related with these two factors. Loepold–Wolman’s
Figure 7. A plot of median size (D50) against bankfull discharge
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channel pattern discrimination based on the S–Qbf relation reﬂects the inﬂuence of stream power on sediment
transport, in that for a given Qbf a higher S means a higher stream power, γQS. Andrews (1984) studied the
relationship between bed material entrainment and hydraulic geometry of gravel-bed rivers. On the other hand,
Schumm’s discrimination of channel patterns accounts for the effect of channel boundary material, i.e., the silt–
clay content, which controls channel sinuosity and width-to-depth ratio (Schumm, 1977). The channel pattern
discrimination based on w–Qbf, w/d–Qbf relations proposed in the present study is similar to Schumm’s approach
because at a given bankfull discharge the differences in channel width is basically controlled by channel
boundary material, and w/d is closely correlated with silt–clay content in channel boundary materials. Based on
the results of the present study, Leopold–Wolman’s and Schumm’s approaches may be combined by relating
channel slope to channel width, as shown in Figure 8. In this ﬁgure, four types of river are well distinguished.
The misclassiﬁed points are 11, representing only 7·3 per cent of the total number of rivers studied. The accuracy
of channel pattern discrimination equals that by the d–Qbf relationship, which is the best of all as shown in
Table I.
CONCLUSIONS
Based on a database built using data from rivers in all parts of the world, a comparison has been made of
hydraulic geometry between sand- and gravel-bed rivers. As a result, the following conclusions can be drawn.
(1) The hydraulic geometry among rivers with different bed material type and channel pattern is different. Given
water discharge, the bankfull width of braided rivers is larger than that of meandering rivers. To a lesser
degree, within braided or meandering river categories, the bankfull width of sand-bed rivers is larger than
gravel-bed rivers.
(2) Given water discharge, the bankfull depth of sand-bed meandering rivers is lager than that of gravel-bed
meandering rivers, and the bankfull depth of gravel-bed meandering rivers is larger than two types of
braided rivers, i.e., sand- and gravel-bed braided rivers.
(3) Given water discharge, the difference in channel slope between sand- and gravel-bed rivers is more than the
difference between braided and meandering channel patterns. The slope of gravel-bed rivers is signiﬁcantly
higher than that of sand-bed rivers. Within sand- or gravel-bed rivers, given water discharge, the slope of
braided rivers is higher than meandering rivers, although to a lesser degree.
Figure 8. Relationship between channel slope and bankfull channel width. Limit lines are ﬁtted by eye (after Xu, in press)
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(4) Based on the above difference in hydraulic geometry, discrimination diagrams can be established between
braided and meandering channel patterns. The relationships of bankfull width, depth, width-depth ratio
and slope to water discharge can all be used to discriminate channel patterns. The relationship between
bankfull width and depth can be used as well. The rate of misclassifying decreases in the sequence from
depth, width-depth ratio, width to slope, indicating that the channel pattern discrimination based on cross
section characteristic is better than that based on slope. A preliminary qualitative explanation has been
given.
(5) To predict the development of channel patterns under different natural conditions, pattern discriminator
should be search on the basis of independent or at least semi-independent variables. The relationship
between stream power and bed material grain size can be used to discriminate channel patterns, which shows
a better result than the discriminator using the slope-discharge relationship.
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